Introduction 46
Scale insects (Hemiptera: Coccoidea) are key pests of crops and ornamental plants worldwide. Diaspididae, Pseudococcidae, and Coccidae are the three most important families of Coccoidea, with 420, 259 and 169 genera, respectively (1). The control of these pests is still based 49 essentially on repeated applications of synthetic insecticides, raising concerns about insecticide 50 resistance in pests and possible effects on human health (2, 3) . A more sustainable approach to 51 the management of these pests involves the use of resident natural enemies or the introduction 52 of exotic ones (biological control), either alone or together with other control methods (integrated 53 pest management) (4). The efficacy of biological control is dependent on the correct 54 identification of both the target pest and its natural enemies (4). However, the morphological 55 identification of scale insects requires considerable expertise, as it is based largely on 56 microscopic cuticular characters visible only on adult females in most species. Genetic analyses 57 have recently been added to the morphological approach for the integrative characterization of 58 insects, and seem to be the only tool able to separate closely related species reliably (5, 6) . For 59 example, DNA barcoding is a complementary tool for pest identification regardless of sex or 60 developmental stage. This approach has recently been successfully applied to scale insects, 61 with the molecular identification established for armored and soft scales in Chile (7) and for the 62 mealybugs associated with grapes in Chile and elsewhere, worldwide (8-10).
64
The difficulties identifying scale insects also apply to the most important group of their natural 65 enemies: Hymenoptera Chalcidoidea (11, 12 Biosystems, Foster City, CA, USA). The consensus sequences were provided by Genewiz.
139
Chromatograms were visualized with SeqTrace 0.9.0 (25) to check nucleotide variations. The 140 sequences were deposited in GenBank with the following accession numbers: for the predators,
141
MH455610 to MH455618 for COI and MH456371 to MH456401 for 28S; and for Chalcidoidea 142 MH456402 to MH456789 for COI and MH455619 to MH456370 for 28S (S1 Table) .
144
Molecular identification and phylogenetic analysis 145 We considered sequences differing by one or more nucleotides to correspond to different 146 haplotypes. Analyses were performed on the concatenated 28S and COI haplotypes (multilocus haplotype, abbr. mult-H). Regions of the 28S sequences displaying large numbers of insertions 148 or deletions were removed for the analyses with Gblocks Server (26). Haplotype alignment was 149 performed with MEGA version 7 (27) and the CLUSTALW method (28). Blast queries were 150 performed against the NCBI GenBank database and final phylogenetic trees were generated 151 from the haplotypes of each gene with R software (21): libraries "ape" (29), "ade4" (30), and
152
"phangorn" (31). Species delineation was performed with the online version of Automatic
153
Barcode Gap Discovery (ABGD) (32), with a prior maximal distance P=0.001 and a Kimura
154
MinSlope distance of 1.0.
156
Bayesian inferences of phylogenetic relationships between multilocus haplotypes were obtained 157 with BayesPhylogenies (33). Analyses were performed with nQ+C mixture models, with n 158 varying between one and five independent rate matrices (Qs). The best model was chosen by 159 comparing Bayes factors. We used a GTR model, as recommended by Pagel & Meade (2004) .
160
One Markov chain was used for ten million iterations and a print frequency of 1,000 iterations.
161
The length of the burn-in period was determined by plotting likelihood across iterations. All
162
iterations corresponding to the burn-in period (one million iterations) were removed from the 163 output of BayesPhylogenies before subsequent analyses. We used the sump command of 164 MrBayes (34) to obtain a summary of BayesPhylogenies outputs and to calculate Bayes factors.
165
Majority-rule consensus trees were then drawn with PAUP*4 3.99 (35) On the cladogram based on multilocus haplotypes (Fig. 2 
305
Analyses based on multilocus haplotypes provided results that were consistent overall, with 306 ABGD groups forming clusters on the phylogenetic trees. The only exception was Aphytis sp. I,
307
for which the phylogenetic tree differentiated four groups, whereas ABGD analysis differentiated 308 only two. However, the 28S sequences obtained were identical, so all individuals were retained 309 in the same putative species.
311
One key finding was the division of the family Aphelinidae into two clades (A and B on Fig. 2) ,
312
which also included Azotidae, Eulophidae and Signiphoridae. This division is congruent with the 'eulophid lineage' of Heraty et al. (36) , which groups these these families of "soft-bodied"
314
Chalcidoidea together. Moreover, these authors also reported that the family Aphelinidae was 315 para-or polyphyletic. Before the work of Heraty et al. (34) , Azotidae (including Ablerus) was 316 considered to be a subfamily of Aphelinidae (= Azotinae)(45).
318
For predators, the two main clades identified were consistent with insect orders, with a single We report COI and 28S barcode sequences for parasitoids and predators of armored and soft 393 scales from Chile, which will facilitate the identification of these species in the future. Two
394
Signiphoridae species new to Chile were recorded, and potential new species were detected.
395
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